Hypothesis: Use of a modified clinical grading score improves accuracy in diagnosing acute appendicitis in the pediatric population while decreasing the use of computed tomography (CT).
S

IGNS AND SYMPTOMS OF EARLY
acute appendicitis in the pediatric population overlap with many other disease processes, making an accurate and timely diagnosis very challenging. [1] [2] [3] [4] Since the advent of computed tomography (CT) and its inception in the 1970s, its use has increased exponentially. In addition, the technology has improved in a similar logarithmic fashion, allowing better visualization of the anatomy and identification of pathophysiological processes while reducing the exposure time in the scanner. Moreover, the greatest increase in the relative number of CT examinations performed in the past decade has occurred in the pediatric population. 5, 6 Recently, serious safety concerns have been raised as more data continue to be derived from atomic bomb survivors and other groups exposed to irradiation (eg, at Chernobyl) that document an increased prevalence of fatal malignant neoplasms among these individuals than in comparable populations, even at low doses of ionizing radiation. [7] [8] [9] [10] Attempts have been made to develop clinical scoring systems to improve the diagnostic accuracy of appendicitis, and one such system is the Alvarado scoring system, which has been validated for its accuracy in several adult patient groups.
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The Alvarado clinical scoring system can also be valuable in reducing the number of CT examinations used in the diagnostic workup of suspected appendicitis, thus reducing the risk of lifetime radiationinduced fatal cancer in patients who otherwise would ordinarily be subjected to further radiological evaluation. 12 A study published in the Annals of Emergency Medicine by Alvarado 13 in 1986 dem-onstrated that a clinical scoring system was useful and practical for the early diagnosis of acute appendicitis. The following 8 predictive factors were found to be most relevant in diagnosing acute appendicitis: localized tenderness in the right lower quadrant, leukocytosis, migration of pain, shift to the left, temperature elevation, nausea and vomiting, anorexia, and direct rebound pain.
These factors were weighted according to their relative diagnostic importance, with a value of 2 assigned to right lower quadrant tenderness and leukocytosis, whereas the remaining factors each received a value of 1, for a maximum total score of 10. 13 With scores of 1 to 4, appendicitis was considered unlikely; scores of 5 or 6 were considered compatible with a diagnosis of appendicitis. A score of 7 or 8 was considered indicative of probable appendicitis, whereas scores of 9 or 10 indicated very probable appendicitis. Patients who had a score of 5 or 6 and in whom findings therefore were considered indeterminate underwent observation. Patients with a score of 7 or higher underwent an appendectomy. 13 Although the clinical scoring system was useful, a study by Macklin et al 14 demonstrated that some patients with a score of 5 or 6 were likely to be subjected to unnecessary operations or to the potential morbidity of delayed diagnosis.
A previous study performed at our institution led to the modification of the standard Alvarado score (Figure 1) , with the selective use of CT. 15 By substituting CT results for observation in patients with indeterminate scores of 5 to 7, we were able to demonstrate an increased diagnostic accuracy while potentially decreasing the total number of CT scans by 57%. This modification increased the accuracy of the standard Alvarado score from 82% to 92% for the modified Alvarado score, thereby achieving an accuracy that is greater than previously attainable by CT or by standard Alvarado score alone. 15 Although the selective use of CT as a diagnostic study may improve accuracy in diagnosis, its use is not without risks. In the pediatric population, CT is a readily available and increasingly used diagnostic tool, 6, 16 and a 200% increase in pediatric CT scans has been reported during the past few years. 6 With the addition of helical CT, its use has become virtually standard in the evaluation of an acute abdomen, including its routine use in the diagnosis of acute appendicitis. 17 Increasing numbers of publications suggest more widespread use of CT as the primary imaging technique in multiple clinical scenarios, especially in children with suspected acute appendicitis. Proportionally, the increase in CT use has led to an increase in radiation exposure. Radiation dose is particularly important in children because of the relatively increased lifetime cancer risk of children compared with adults. 7, 18, 19 Furthermore, it has been shown that the rate of appendectomies with negative findings has not decreased with the liberal use of CT 20 but, in fact, may lead to increased hospital costs, delays in diagnosis, and increased unnecessary radiation exposure. 20, 21 The standard Alvarado system has been validated by several studies in the adult population; however, not as much attention has been given to the pediatric population. We believe that, by implementing the modified Alvarado scoring system (Figure 1) , the use and risk of radiation can be minimized in the pediatric population.
METHODS
After approval by the institutional review board, medical records were reviewed retrospectively for 61 consecutive patients aged 3 to 16 years who were admitted to a community teaching hospital with suspected appendicitis and underwent abdominal CT. Additional data derived from these patients from October 1, 2000, through September 30, 2003, were reviewed and are listed in the Table. Alvarado scores were calculated for each patient and correlated with final pathology reports and CT results. Two patients were excluded from the study owing to incomplete records and the inability to calculate the Alvarado score. We used 2ϫ2 contingency tables to correlate standard and modified Alvarado scores with the outcomes. Appendectomy or discharge home was considered the end point of this study. A Fisher exact test analysis was performed on the data, and PϽ.05 was considered significant.
RESULTS
When it was applied to the 59 patients in this study, the standard Alvarado score for appendicitis had a sensitivity of 92%, a specificity of 82%, and an accuracy of 92%. (Figure 2 ). Computed tomography alone had a sensitivity of 93%, a specificity of 97%, and an accuracy of 95%. Use of the modified Alvarado score and substitution of CT results for scores of 5 or 6 resulted in a sensitivity of 92%, a specificity of 90%, and an accuracy of 95%. If this modification had been used in this group of patients, the number of unnecessary CT scans could have been reduced by 34%. When the Alvarado method was modified for scores of 5 to 7, there was a sensitivity of 100%, a specificity of 97%, and an accuracy of 98%. The number of CT scans could have been reduced by 27% in this patient group if this modification had been used. Substituting CT results for scores of 5 to 8 resulted in a sensitivity of 97% and a specificity of 97%, with an accuracy of 97%. If this range of values had been used in this patient group, the number of CT scans could have been reduced by 14%. When the Alvarado method was modified for scores of 5 to 9, there was a sensitivity of 93%, a specificity of 97%, and an accuracy of 95%. This would have resulted in only a 1% reduction in the number of CT scans used. Thus, the modification resulting in the greatest accuracy was with modified Alvarado scores of 5 to 7. Use of the modified Alvarado method would have decreased the number of CT scans by 27% while maintaining 98% accuracy. Overall, the rate of appendectomies with negative findings was 3%. Of the 34 patients (58%) who were taken to the operating room for an appendectomy, 2 patients were excluded from the study owing to incomplete medical records.
COMMENT
During the past 2 or 3 decades, the number of CT scans performed annually in the United States has increased 8-fold to about 60 million, with 7 million of these performed on children. 12, 22 Computed tomography accounts for about 10% of the radiological investigations performed but contributes about 45% of the total radiation dose to the population, with a projected increase of 10% per annum. [23] [24] [25] Thus, it is imperative that every effort be made to decrease the number of CT scans performed unnecessarily. This study demonstrates a modification by which the Alvarado scoring system can be implemented in the pediatric population to reduce the number of CT scans performed while maintaining a timely and accurate diagnosis and treatment of acute appendicitis (Figure 2) . We believe that patients with Alvarado scores of 1 to 4 should be discharged home or that another diagnosis should be considered. For patients with scores of 5 to 7, CT should be performed. If the finding is negative, then another diagnosis should be considered; if the finding is positive, then the patient should undergo appendectomy. Patients with scores of 8 to 10 do not need further imaging; these patients should undergo laparoscopy/laparotomy for appendectomy. Performing CT in this group of patients will only delay the diagnosis and may even lead to an error in diagnosis. According to this study, only 2 of 16 patients with scores of 8 to 10 had a negative CT finding with pathological findings positive for appendicitis. Because of strong clinical suspicion for acute appendicitis, one of these patients was taken to the operating room for an appendectomy, which proved to be positive for appendicitis on histologic examination of the specimen. The other patient was observed and eventually underwent ultrasonography, the results of which supported the clinical findings. This patient also had acute inflammatory changes on pathological examination of the appendix. This study demonstrates that time spent waiting for and performing CT in a patient with a high Alvarado score (8-10) only delays the diagnosis and definitive treatment of the patient. At the same time, pediatric patients are exposed to the unnecessary use of CT and its attendant high levels of radiation, which has been shown to increase the lifetime incidence of fatal malignant neoplasms in this sensitive and vulnerable group. This study is limited by its small size, and we advocate for a larger randomized prospective study to validate our findings using the modified Alvarado score in the evaluation of the acute abdomen and especially in the diagnosis of acute appendicitis in pediatric patients. 
